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A metiKxi of nipedance reflexonetry was us&i to examine 101 students ] 
with Iveariny iitpairment in order to clarify the interrelation between j 
speeoli discrimination anti the state of tlie middle ear muscles. It was i 
showii tloat ability to discriminate speech signals depends to sane extent j 
on tlK functional state of intraaural muscles. Speech discrimination ! 
was greatly inpaired in the absence of stapedial muscle acoustic reflex I 
(AR) , in tl>e presence of low thresholxis of stimulation (up to 20 dB) and | 
in very small values of reflex anplitude increase. Discrimiration was | 
iKDt impeded in positive AR, liigh values of relative thresliolds (40 dB i 
or more) and normal increase of reflex airplitude in response to speech s 
signals witii augmenting intensity. Sj 
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HD1£ OP THK MIDDLE EAR MUSOJE M>PARA!IUS IN 
MEOJANISMS OF SPEEHI SIC5NAL DISCRIMINATION 


B. S. Moroz, V. 0. Bazarov and S. V. Sadienko 
Laboratory' of Clinical Audiology and V<^tibulology (Head, V. G. Bazarxav) 
of tl>e KoloniycliQtiko Scientific Ri^oarcli Institute for Otolaryngolajy, Kiev 

In the c^iiiion of most invt^tigators the basic physiological role of the mu- 
scalar apparatuj: of ti»e middle ear is related to protecticai of tlie receptor form- 
ations of the cochlea ag^linst the adverse effect of loud sounds (Holler, 1962; 
Perlman, 1970; V. S. Olisov et al., 1976; B. M. Sagalovich et al., 1977; S. N. 
Kheclunashvili, 1978) . This is adiieved by reflex contraction of the intraaural 
muscles and the accompanying diminution in the amount of acoustic energy readiing 
the inner ear. 


A number of autiiors feel tirat, along with this protective function, tie snu:;- 
ales of the middle ear play a reeil role in creating c^timal conditions for the ana- 
lysis and discrimination of lx;lpful signals as ccaitrasted to noise (Simmons, 1964; 
S* N. Klied'iinaslivili, 1978) . Due to tlieir action in frequency selection muscular 
contractions facilitate dynaml-j d^anges in the frequency characteristic of the 
trcmsmission system of the middle ear, i*educe the masking effect of low frequency 
sounds and by tlie very fact create more favorable conditions for tlie emergence of 
required sound signals. It lias been theorized that the middle ear nwscles parti- 
cipate directly in binaural determination of sound source localizaticMi (Holler, 
1963; Sirtinons, 1964; B. M. Sagalovich and A. A. Drozdov, 1973) . 

It is very interesting to consider tije data in respect to the effect of in- 
ternal muscles on the process of the reception and analysis of sounds in the speech 
spectrum. Tlie research of Nxemsyer (1971) , McCandless and Miller (1972) , Borg and 
Zakrisson (1973) has sliown, that when the normal functioning of the middle ear mu- 
scles is impaired there is real deterioraticai in the intelligibility of speedr, 
especially for signals of great intensity — on the order of 80 dB and liigher. 

TlKse observations may ba important in the practice of surgery for iiiproving liear- 
iTK}, in acoustic prosthesizing and in medical evaluation of iiearing impairroent. 
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Fig. 1. Graph of subject distribution 
as a function of the value of the re- 
lative threshold for acoustic reflex 
(AR) with stimulation by a bOO Uz 
tone for 800 microsec and of speech 
intelligibility: a) value for acous- 
tic reflex threshold (ART) when ART^ 
< 20 dB, b) •v^hen » 21-40 dB, c) vmn 
^ 40 dB; N - number of subjects; 
vhite oolumn - good speeds discrimin- 
ation, shaded - poor. 





Fig. 2. Graph of subject distribution as a 
function of tlie value of the relative ART 
with stbnulaticsi ly white sound and of 
speed! discrimination. Rest as above. 


However, there h&s rxst yet been enough 
study done on participation of the mu- 
scular apparatus of the middle ear in 
the medianisi'nB for reception of speech 
signals. 

In this study we considered it imr 
portant to clariJfy the existence of an 
interrelation between speech sound dis- 
crimination capability and the cxmdi- 
tion of the muscular apparatus of the 
tynianic cavity in persons with neuro- 
scinsory hearing inpairment. The solu- 
tion of the problem may open new 
possibilities in the area of acoustic 
prosthesis, sinca the treatment of 
sudi patients is still ineffectual and 
is related basically to the prescrip- 
tic« of tlie proper hearing aid. 

Vfe studied 101 students of grades 
9 to 11 vho were hard of hearing at 
ages 17 to 21, In all of them the de- 
gree of irt|jairment ms practically 
the same. 90% tracad their condition 
bacdc to childhood in tiv 2 wake of in- 
fecticus diseases (measles, parotitis, 
scarlet fever, flu) or following ad- 


ministration of ototoxic antibiotics (streptonyycin, monotycin, etc.). V\hen testing 


was done audicmetrically in a sounc^acoof booth on the East German MA-30 apparatus, 
the loss of Ixjnal hearing over a range of 125-8000 liz was from 50 to 90 dB. White 


sound thresholds in the sijbjects varied from 55 to 80 dB. In 57 speech test intel- 


ligilibity was from 75 to 100%; in the other 43 it did not reacii 75% even with ma- 
ximum strength signals {vtp to 110 dB) . 





In otoscopy all subjects pres^ted mobile unim- 
paired tympanic diaphragms with clear ocmtours and 
typical normal coloration. Persons witli symptaiB /25 
of iupaired function in scHind ocxiduction (scarred 
tympanic diaphragn®, perforations, tumefaction, etc.) 
did not take part in the study. 

Purther a determination was made of tlie func- 
tional ocMxiitian of tne adaptive muscular apparatus 


Fig. 3. Graph of subject 
distribution as a fuix>- 
tion of value for incre- 
ment in anplitude of re- 
flex and st‘<:}ecn discrim- 
ination; a) normal aR 
increment of anplitude, 
b)lugher AR anplitude 
values, lower values or 
absence of acoustic re- 
flex. Vihite column for 
good speech discrimina- 
tion, shaded for poor. 


of the middle ear on the basis of data obtained for 
tne threshold and anplitude of the aooustic reflex 
of the stapes muscle. For the examination we usea 
equipment of our own construction intended for dyna- 
mic impedance measuranents (B. S, I4oroz and V. G, Ba- 
zarov, ly74) . We measured tlte absolute acoustic 
reflex threslwW (AOT^) in resfonee to various sound 
stimuli: square waves for wide band noise, tones 

at 500 Hz lasting 800 raicrosec. For the ART we used 
the decibel intensity of an acoustic stimulus that 


would cause contraction of the stapes muscle and we noted the change in the aooustic 


inpedance of the middle ear by 0.2-0. 3 dB as conpared with the initial value. Here 
the stylus went up 5-8 mm fron the baseline. 


After deterndning the ART^ we measured the atioant of increment for AR anp3,itude 
in percent vdien there was an increase in stimulus intensity by 10 dB abcsve the thresh- 
old of the reflex value, using the formula: 


I 


A 


10 


A., 


An 


. 100 % 


where I is the increment value for AR anplitude, is tin AR anplitude on the incep- 
tion threshold (5-8 nm) and is the AR anplitude in mm wnen the threshold is sur- 
passed by on intensity of 10 uB. 


At tile same time we stixiied the relative thresholds for tlie acoustic reflex 
(AKTq) typical of the value for acoustic pressure above tiie audibility threshold 
(AT) of sound required for the reflex to set in. The AKTq value was found with tlie 
fomula; ^ 
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As a result of the maasurements for absolute threshold values of the AR we 
establisiied that in 21% of the subjects the ART values were aO-90 dF>, i. e, they 
natched the pl^iological norm. In bi% theare was a variation in the r 2 mge of 
100-120 dB. flhe otlier lb% of the studtots hard of hearing sliowed no AR that we 
succeeded in recording, a fact associated with severe hearing loss. 

Results analysis revealed tliat in 43 subjects gradual intensification of the 
stiimilus was accorapanied by a correspornlLiig linear increment in AR anplitucte (I « /26 

80-150%) , while tlie other 58 persons showed no stxdi projxsrtiotHil relationship be- 
tween AR anplitude aivi stinulus intensity, TIm 4S, in a number of subjects we re- 
corded a iionproportionally high increment in AR asnplitude in response to a oorapa- 
ratively small increase in acoustic stimulus intensity (I « 300-400%), \idiereas ir. 
the other, on the contrary, the AR amplitude increased very little \dion acoustic 
intensity was increased (I i)* 20%) . 

Measurement results for relati.vc ART slicwed that out of the v4iole 101 subjects 
22 presented ARTq values egual to or less tlian 20 dB and 40 showed a threshold of 
20-40 dB while 3d shewed 40 dB, The indices obtained were compared with the data 
from speocdi audianetry (Figures 1, 2, 3) . \’te were intrigued by the question: is 

there any relationsiiip wnatever between a person' s ability to distinguish speech 
sounds and tlie functional condition of tlie protective-adaptive mechanism of the 
middle ear muscles? 

The results shown in the 3 figures indicate the presence of a definite link be- 
tween capacity to distinguish speecli signals and the data from inpedance reflexo- 
metry. Thus, in the group under study in vdxLch we recorded low ARTq values (to 20 
dB) , tlie nutber of persons finding it hard to discriminate speech sounds was from 
10 to 12 times greater than tne number '-bo fcHond it easy (Fig. la, 2a) . Among the 
persons whose ART^ indices were in the range of 20-40 dB (Fig. lb, 2b) tl^ere were 
no significant quantitative differences in respect to good or poor dlscrinunation 
of speecli sounds. Finally, in the group with Mgh ARTq values (above 40 dB) the 
nuiber of persons with good speeai discrimination was nany times higher tlian the 
nutiber of tliose in vdiom it was poor (Fig. Ic, 2c) . 

In analyzing results we also noted a definite relationship between speech dis- 
crimination and tlie AR anplitude increment value (Fig. 3) . Hius, in tlie groip in 


4 



which shcawed ixamal physiological values fac AR anplitude incrernait in response to 
itcare and more intense stimoli (I » 51-150%) the nuniber of persons with good speedi 
dis<a:irainaticiTi was 3 tirm lar^r than those with poor. And contrariwise, among 
subjects showing high AR aajplitude incnwent values (I * 300-400%) or eactranely lew 
values (I * 0-50%) or no AR at all the nupcber of persons witii poor ^peecli discrimin- 
ation was larger than tne number in wijora it was good. 

j’or further int-rpietation of our results we rely upon tne following literature 

data. 


1. The dynamic range of clearly discriminated speedi is 45-50 da (Yu. B. /27 
Preobrazhenskiy and L. S. dodin, 1973; M. M. Efrusi, 1975) . 

2. Maximal si.«edi disccimiiiation is achieved at sound levels equal to the 
absolute values for die ART (Ra.ppaport, Tait . 1976) , whidi is e»i the vdiole only 
10-15 dB below discomfort level (JfcCanbless, Miller, 1972) or o-lO dB above tne 
comfort level for loud speeai (Jantis et al., 19bb) . 

3. Tlie value for tlie relative \RT that typifies the level of acoustic presaure 
above tlie AT level required to trigger tlie AR nearly coincides or is slightly below 
(by 10-15 dB) tlie value of the dynamic auditory range (Liden et al. , 1973) . Normal- 
ly the relative ART is 65-75 dB (Moller, 1978) . 

4. When tlie intensity of audiosignals is quite iiigh the incipient contraction 
of middle ear muscles induces further distortion of the sound and this results in 
weaker speech discrimination (Liden et al., 1973; Rat^paport, Tait, 1976). 

On the basis of the literature data it is clear that quality reception and un- 
derstanding of conversational speech requires a definite dynamic audiorange of 45- 
50 dB. In this context one may explain tlie facts of poor speedi discrimination in 
student subjects vdien this audiorange was compressed (Fig. la, 2a) . When they pre- 
sented a wider range, evidenced by the increase of the AKTq to 40 dB and higher 
(Fig. Ic, 2c) , there was a considerable increcise in their ability to conprehend and 
show good discrimination of speedi signals. A similar explanation may be invdeed 
for the fact that in the groqp of the hard of hearing with a normal AR amplitude 
iiKxcement there is a predominance of perscxis with good speech discriminaticai (Fig. 3a) . 
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Evidently in this case the appearance of the AR following rauscular ccsiitraction 
in the middle ear provides for better rec^Jtion eind better discrimination of speech 
sounds. On the contrary, poor discrimination was observed in si±>jects without AR 
<"r in those where the reflex appeared but did not change in amplitude in re^xanse 
to stimuli of varying intensity (Fig, 3 b) , 

At the same time reseeuxh has also indicated that the ability of subjects to 
discriiivinate speech sounds is determined not only by the dynamic audiorange aiid 
the ocxxiLtion of the middle ear’s muscular apparatus but it likewise a functicaa of 
other mechanisms, *111113, some subjects with a narrow dynamic audiorange and nega- 
tive AR were found in our study to show good speech discrimination. At the same 
time in the grouj of subjects witn positive Ml and relatively good dyriaraic audio 
characteristics there were those who oould not discriminate speech signals very 
well (Pig. Ic, 2 c) . Sxicli discrepancies may te associated with individual quali- /2H 
ties of tte CN®, particularly with the conditicai of the cortical poirtion of the 
sound analyzer. 

On the basis of the data obtained we may ccaiclude that impedance reflexome- 
try makes possible objective typing of the condition and reserves of residual 
lisaring in the Iiearing iittiaired and may find an application in working with hear- 
ing aids. For example, on tlie basis of impedance changes we may decide on the 
aj^joxpriate type of iiearing aid for an individual patient as well as the pxxjper 
diet and type of work to be ikam and we may make judgenents about the need of 
oonpressicai and about sound pressure levels. 

Our research indicates, in persons liard of hearing yet having good dynamic 
audio (diaracteristics and speech discriirdjiaticxi, effective audioprosthesis may be 
achieved ly using those hearing aids which anplify speech signals lineeirly and 
by frequency selection. Persons vhose speech discrimimticm is unsatisfactory and who 
nave poor dynamic ciiaracteristics need most of all special exerciseji to develop 
whatever Iiearing tliey have left using hearing aids which, \diile providing fre- 
quo:Ky selection anplification, can set \:p a spectral oonibination, provide com- 
pression of anplified sounds and also effect other acoustic transfonnations for 
adiieving maximal speech understanding. 

Thus, the results obtained open tp new possibilities for increasing the effec- 
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tiven^s of prosthetic help for persons with serious forms of naurosenscary hearing 
impairment. Here it seans proper that there be further stuc^ of the role of the 
middle ear muscles in tlie mBchanisms of speech sound discrimination. 
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